LEO was the world's first business computer. It was built by J. Lyons & Co., a catering company, to meet its own needs and led the way for several years with its succession of integrated applications. Developments are placed in the context of the technological constraints of the early years of electronic stored-program computing.
INTRODUCTION
Fifty years have passed since a visit to the United States set in train the building in Britain of the world's first business computer. The computer was built by J. Lyons & Co., then Britain's leading caterer with a household name for its teashops, its packeted tea and its cakes and ice cream. The system was given the name LEO, Lyons Electronic Office, and on it was run the world's first regular, routine computer office application.
What follows is an account of how LEO came to be built by seemingly the unlikeliest of organizations and how it was put to work. After the pioneering system, later to be known as LEO I, there came more advanced models exploiting the rapid technological developments of the time and the operational experience that had been gained. These were put to work by leading industrial, commercial and governmental organizations both at home and abroad. There was a succession of applications that kept the name, LEO, prominent in the computer world for 20 years. Eventually, though it was overcome by the sheer weight of resources that became indispensable to manufacturers as the technology raced ahead.
The engineering aspects of the innovation have already been fully covered by the lucid exposition by Dr John Pinkerton in Electronic Engineering [1] . Less attention has been paid in the past to the application aspects. Those are the principal concern of this paper: how they were defined, what was necessary to enable them to run economically on LEO, and what techniques were used to keep them running accurately and on time on a system that was inevitably less reliable than those to which present-day computer users are accustomed.
In this paper there are five main sections. The first describes the genesis of the LEO idea and the second traces how it was brought to fruition on the foundation of EDSAC at Cambridge. The third section sketches early applications before the LEO system was fully equipped for business applications, and the fourth the major applications that followed. Finally, there is a review of what was achieved and of the construction of a successor system.
GENESIS

The visit
In May 1947 two senior office managers of J. Lyons crossed the Atlantic to fact-find on developments in large-scale offices and office equipment over the war years. Originally, their itinerary had been confined to conventional equipment and procedures, but growing mention of the 'electronic brain' in the press had led to computers being added. Lyons was already an acknowledged leader in the field of office systems and despite the scientific orientation of the 'electronic brain', there seemed to be at least a possible potential for business operations, too.
Leading the party was Raymond Thompson, Chief Assistant Comptroller of the company, a Cambridge graduate with a first-class mathematics degree and 16 years' experience in the Lyons offices. Accompanying him was Oliver Standingford, an Assistant Comptroller, who, as it happened, had an interest dating from pre-war in the contribution that magnetic records might make to the company's accounting machines.
In the computer field in the States, Thompson and Standingford were well received by some of the leading figures of the day. At Harvard they met Professor Howard Aitken and found him full of enthusiasm for what he foresaw as the second Industrial Revolution. He was confident about the commercial potential of computers and looked beyond the offices to a time when, as they reported him, 'a factory could be controlled automatically, all the processes being coordinated and made to work in accordance with a predetermined policy' [2] .
However, the Harvard machines were still based on electrical relays and the party's introduction to electronic computers came instead from Dr Herman Goldstine at the Princeton School for Advanced Study. Goldstine had been a scientific liaison officer for the US Army during the design and construction of ENIAC at the Moore School of Engineering in the University of Pennsylvania. Since then the computer had been handed over to the Army and the team disbanded. The two principal designers, Presper Eckert, 586 D. T. CAMINER whom the visitors met later, and John Mauchly, had left, but work was continuing at the Moore School on EDVAC, a projected successor to ENIAC. ENIAC, as Thompson and Standingford discovered, was a vast machine, completely dedicated to the task of calculating ballistic tables. The stimulus for its construction had come from the part that it might play in the war effort, but unlike the totally secret, code-breaking Colossus at Bletchley Park, it had not been completed in time to make a contribution. A system had emerged with 18,000 vacuum tubes with a high heat dissipation and occupying a very large space. It had proved, though, that an electronic computer was a thoroughly practical proposition.
As well as being encouraging about the tentative ideas the visitors put to him, Goldstine took the practical step of writing to Professor Douglas Hartree, the mathematical physicist, at Cambridge. He advised them that Hartree and his colleague, Dr Maurice Wilkes, who had both studied the ENIAC developments at first hand, would be well equipped to give ongoing advice.
On their return home Thompson and Standingford quickly took up the invitation awaiting them from Cambridge. Hartree and Wilkes showed the keenest of interest and expressed a readiness to cooperate in a Lyons venture as soon as their own machine was complete. They explained, however, that work on what came to be known as EDSAC was not as fast as they would like. The plans were drawn up but there was a lack of money. At the time of the visit only Wilkes, one draughtsman and, temporarily, two vacation students were engaged on the project. 'We told them', said Thompson, 'that unless they could proceed more rapidly, they might find machines for sale in America before they completed their own first model.' The response was that given £2000 they could finish much more quickly ( [2] , p. 355).
This was all incorporated in the US visit report that was submitted in the first instance to the company's Chief Comptroller, John Simmons, another Cambridge mathematician with a first. The outcome was a return visit to Cambridge later in the year at which an offer was made of £3000 and the services of an electrical assistant in return for guidance in constructing a machine for Lyons' own purposes. The offer was gratefully accepted and played a valuable part in enabling EDSAC to become the first stored program computer to work in a practical way with input and output anywhere in the world. The Lyons Board agreed that the company should build a computer of its own on the condition only that Cambridge should first demonstrate EDSAC at work.
EDSAC reached its goal on May 6, 1949 when it calculated a table of squares and printed the results. A more searching program calculating and printing a series of prime numbers was written by David Wheeler and followed a day or two afterward [3] .
Wilkes' success in producing a practical system for the use of the University's very large computing community had been made possible by his early decision to avoid all experimentation that was not strictly necessary [4] .
His choice of mercury delay lines for the vital storage system had already been proved in operation for other uses during the war. Further, he had decided on a conservative specification. He declares in his memoirs, 'I had...other objects in view beside solving problems in electronic engineering. I wanted as soon as possible to have an electronic computer and to experiment with the writing of programs to solve real problems.' ( [3] , p. 129)
One of Wilkes' first actions after EDSAC had done what was asked of it was to telephone the news to Cadby Hall where as it happened the Lyons Board was holding its regular fortnightly meeting. A note was passed in by Simmons asking for confirmation that full-scale work could proceed now that the EDSAC determinant had been achieved. Within a few minutes an affirmative response came back from the Chairman, Harry Salmon [5] .
People
Responsible for the construction of LEO and its successors was Dr John Pinkerton, a young physicist, who had been engaged by Simmons in anticipation of the Board decision being a favourable one. Known to Wilkes at Cambridge, he had spent much of the war in the Government Telecommunications Research Establishment engaged on radar work essential to the effectiveness of the Royal Air Force. Pinkerton's principal assistants were Ernest Kaye, an even younger engineer who brought war-time industrial experience and E. H. (Len) Lenaerts, whose previous civilian experience had been wholly in the Lyons offices.
Lenaerts had already been involved for some time. He had arrived in Cambridge within days of Lyons undertaking to provide assistance in return for guidance and information. Before the war, 'Len' Lenaerts had been a supervisory grade clerk, but in the RAF he had become a sergeant in Radio Countermeasure Operations. Whatever the expectations at Cambridge, he proved to be more than another pair of hands there. Others who played valuable parts in the design of LEO and putting it together were Raymond Shaw, Gordon Gibbs, and Wally Dutton, an electrician transferred from Lyons.
At Cambridge Lenaerts was joined for a time by Derek Hemy, who was sent there to pick up what he could about the infant art of programming. Hemy had joined Lyons as a management trainee in 1939 and in the war had served first in the Chemical Warfare unit of the Royal Engineers and later in Signals Intelligence in the Royal Corps of Signals. He did not stay for long periods at Cambridge, but came to and fro like a bee carrying pollen so that those of us back at Cadby Hall could make our own contributions. With his pre-war service office experience and the knowledge of methods and procedures that he had gained in the Systems Research Office on his return, Hemy was able to participate positively in the definition of the instruction set. He went on to work side by side with David Wheeler on the problem of 'bootstrapping' into the EDSAC system the few initial orders that constituted the rudimentary operating system [6] . Wheeler later became Professor of Computer Science at Cambridge.
The first three programmers to learn their trade from Hemy were Leo Fantl, John Grover and Tony Barnes. After war service in the RAF, Fantl had worked for a time in the Lyons Labour Planning Office, which was responsible for work measurement and labour efficiency techniques in the factories and other workplaces [7] . Grover was a volunteer for flying duties in the RAF who had joined the Lyons offices as a management trainee after deciding against a long-term commission. Barnes was yet another management trainee from the offices. After graduating in mechanical sciences at Cambridge he had served as an Instructor Lieutenant in the Royal Navy.
My own role as Systems and Programming Manager sprang directly from my previous post in the Systems Research Office, of which I had become manager soon after my return from war service in the Green Howards. The aim from the time that Simmons had established the function as far back as 1931 had been to build totally integrated systems from the ground up ( Figure 1 ). It was a cardinal principle at Lyons that new machinery should not be introduced without the system as a whole being reexamined. There was no question of leaving the system as it stood and merely mechanizing those aspects that most readily presented themselves. It was now the turn of the computer to be considered in the same ambience.
Heading the whole activity was T. R. Thompson, to whom Pinkerton and I reported. He had worked as Simmons' principal assistant for almost 20 years. For a time he regarded his LEO duties as just an exciting add-on to his normal job, but after a while he was prised out of his highlevel post, as I was from my more modest one, and we both took our places in the small full-time team.
FRUITION
The LEO engine
The LEO system was erected on site in the main Administration block of J. Lyons & Co. at Cadby Hall. It followed EDSAC in having its data and instructions held in a mercury delay line acoustic store. The LEO store was able to accommodate 2048 numbers or 17-bit instructions. The time taken to access an item in store was 500 µs. The add time was 1.3 ms. In all, the system comprised approximately 6000 valves of the kind then used in wireless sets. These were assembled in more than 200 units mounted in twenty tall racks, each with capacity for twelve units. Because of the heat generated by the thermionic valves the racks were cooled by air drawn in at the bottom and extracted by fans at the top. The whole assembly was mounted on a false floor (Figures 2 and 3) .
The apparatus was controlled from a console with two video display tubes showing binary images of the store contents. There was also a loudspeaker providing a sound representation of the instructions being carried out.
In constructing this LEO processor there was no delay for second-guessing what Cambridge had done. As Pinkerton said later, 'The philosophy we had was that we would not change anything if we didn't understand why it was done the way it was. So to start with since we didn't understand very well why it was done the way it was, we didn't make many changes at all' ( [8] , p. 24).
Requirements for office work
Alongside the building of the processor, work went ahead with essential additions. It had been clear from the outset that major enhancements would be required to enable what had initially been designed for scientific work to be suitable for the office. One major requirement that was recognized very early was the need for multiple inputs and outputs. Studies on payrolls indicated that three parallel input channels were required to follow the natural pattern of the work. One was needed for the 'permanent data' of each employee's wage rate etc., another for the hours worked each week and a third for bringing forward previous totals to date for the year so that PAYE could be calculated. On the output side there was a requirement for at least two channels, so that information for printing payslips could go on one and the updated carryforward totals on the other. Some inkling of this had already appeared in the American visit report but work had to be done to fill this out and to see how the principle applied to other procedures.
A second problem that required study was how to cope with the vastly greater volume of data and results that occurred naturally in office work. In mathematical procedures the calculation phase tended to be completely dominant but this situation never applied in clerical work. Study soon showed that in the general case the time taken to feed information into the computer was going to be at least as long as the time taken to carry out the relatively trivial calculations. The indications were that the output might take longer still. Thus despite what was in its day the high calculating speed of the computer, the whole operation was going to be slowed down to the pedestrian unless something could be done about the time taken for input and output.
Part of the input/output problem was that the data entering the system and the results required from it were not in the same notation as that employed internally. Input and output were in some digital or alphanumeric form while numbers inside the computer were held in binary mode. There was the impediment to be overcome that the time required for conversion of data and results from one mode to another might be greater than that for the substantive calculations to be effected.
Another concern that emerged was that unless great care was taken, the labour of preparing data in the form that the input system could read might well amount to an unacceptably high proportion of the key punching effort previously expended on calculating or accounting machines. It was plain that applications for the computer had to be defined in such a way that an item of data, once taken into the system, must automatically be used and reused for every purpose in which it played a part.
A further message from the exploratory work that was carried out was that while clerical calculations might be simple, there tended to be a great many choices to make, and many alternative paths to be taken. This meant that the clerical programs would be likely to require more instructions than were being provided for in the EDSAC store. Fortunately, the address capacity of the instruction set enabled LEO to service a store double the size of that of EDSAC.
It became clear that business programming required different techniques from those developing at Cambridge for scientific calculations. Users of EDSAC were guided toward basing their structures on the calling of centrally written closed subroutines which provided the coding for the required mathematical functions. These were later published as an invaluable library under the title of The Preparation of Programs for an Electronic Digital Computer [9] . However, the experimental coding had indicated that this approach would generally be unacceptably expensive in processor time in the very different environment of business work. Instead, a system of open subroutines was developed with one following another sequentially. In the LEO terminology the open subroutines were called stages [6] .
Another programming divergence that became necessary was in regard to flow-charting.
The mathematical programs prepared for EDSAC were in the main the work of individuals whereas the business applications were envisaged as having many more instructions and having a team involved.
It would be necessary to have a rapidly communicable plan to pass from systems analyst to programmer and from one programmer to another. The programs would run on from week to week and there would need to be a record which could be used for reference and as the basis for revisions if these became necessary. Flow charts such as had been used informally in Systems Research were judged to meet the need and a convention was devised and firmly adhered to. At Cambridge, David Wheeler in his guidance to EDSAC users saw no need for the technique [6] .
Implementing the hardware enhancements
In the Thompson/Standingford report magnetic wire had been postulated as the likely medium of transfer for input and output. By this time, though, magnetic tape had replaced wire technologically and a manufacturer was sought with experience of this medium. The natural first choice was Standard Telephones, which had recently installed a central telephone exchange at Cadby Hall [10] . The schema developed with Standard Telephones was based on having subsidiary devices associated with each input and output channel. The data would be fed into the input device and there automatically converted to binary form. When the computer was ready to make use of it the converted data would be transferred unchanged into the 590 D. T. CAMINER main store. There would be electronic buffering between the external device and the store so that the computer would never be kept waiting. Similarly, when the computer had results ready it would transfer them to a buffer store and then to the output device and arrange them in the required format.
Conceptually, the assemblage went as far as was logically possible towards enabling commercial programs to enjoy as full a use of the calculating speed of the computer as scientific programs. There was a drawback in that there was the danger of an effect on overall reliability arising from additional electronic equipment operating in line with the computer itself. On the other hand, the enhancements were seen as imperative; without them the system would be of little value for commercial work.
The agreed timetable was for the auxiliary equipment to be completed by May 1951; the computer was planned to have been tried and tested by then and the timetable for the preparation of programs was geared to that ready for service date. Through no lack of effort the project was never achieved. In logical terms the design was satisfactory, but several of the components were untried and were being relied upon long before they were ready for so demanding a task. When the auxiliary equipment, already late, was connected to the computer it did not function reliably.
However, as the delays extended and doubts grew about the eventual reliability of the STC equipment, it had been decided by the LEO team to pursue a fall-back solution inhouse. Work proceeded on this while STC continued to make repeated efforts. The replacement system provided for the three input channels to be fed by punched cards and paper tape and the two output channels to be served by a line printer and a card punch. Conversion and reconversion to and from binary would not now be carried out in external devices but would be accomplished by single instructions added to the computer's repertoire. The paper tape would serve for current data such as hours worked, and the punched card feeds for permanent data such as wage rates and for brought forward data such as totals to date. There would be on-line printing of results and the output punch would provide for totals carried forward. There would be buffering arrangements logically identical to those previously envisaged.
The supply of punched card equipment was negotiated with British Tabulating Machines and the paper tape readers with Ferranti. Commenting afterwards, Simmons expressed the view that had LEO concentrated on one innovation at a time and used conventional equipment for the enhancements from the outset, at least two years could have been saved [11] . In that sense Lyons had strayed from the example set by Wilkes at Cambridge and had paid the price.
Test programs
Time was devoted in this period to the construction of computer test programs.
A searching repertoire was developed in compliance with the engineers' (and particularly Lenaerts') requirements. Though the wry phrase, 'It's a poor machine that can't do its own test programs' had probably not been coined then, the programmers became aware that the battle with the computer gremlins was a subtle affair not to be won easily. When the live running of application programs did eventually begin, the computer was subjected to the whole suite of test programs with marginal electrical conditions applied before each run was allowed to proceed. It was a notable day when it was felt safe to dispense with this overhead.
A feature of the test programs was that though each of them had only a small number of instructions, they observed the same rules as were being established for the application programs. Their content was agreed with the end customer, the engineer in this case. Then they were charted and coded on the specially designed coding sheets. The coding was checked by another programmer. When alterations were needed they were first made to both the charts and the coding sheets and then a check made as before. Computer time was so precious that the aim was always to present programs to the computer for confirmation rather than to use the computer for finding errors. Changes to programs at the console were frowned upon, even though the few programmers quickly became adept in this regard.
PUTTING LEO TO WORK
The first live application
Though the test programs provided a window into the real world of live running, they were an unsatisfying substitute for the programming team. Consequently when it became unlikely that the STC equipment would be ready by anything like the planned date of May 1951, I proposed that a suitable application should be run without the input and output enhancements to the system. I specified a job that was low in data volume while still making a useful contribution to the week-by-week management accounting operations of the company. The job was concerned with valuing the output of cakes, pies and pastries from the Cadby Hall bakeries to the dispatches and thence to the many different channels of sale. In executing this task the computer was also required to calculate the 'stock balance' for each item, comparing what had been sent to the dispatch with what had been issued and what was left over.
The valuations were made at standard prices; preset standards were the clock by which the whole company ticked. For each item there were standard values for materials, labour and indirect costs, such as heating. These totalled to factory prime cost, the value of transfer from department to department. For each channel of sale, wholesale van sales, wholesale rail sales, retail sales, teashops, restaurants and others, valuations were required at this cost together with the standard assembly and distribution costs and gross profit for each item. Additionally, overall gross profit percentages had to be calculated for each channel of sale and there were many aggregations to be made.
The main recipient of the results was the statistical office where all the standard totals would be compared with the actual costs or takings and where significant deviations would be reported to the directors concerned and to the management at different levels. Further results went elsewhere, among them some to the rationing department, which was responsible for the claims to the Food Ministry for flour subsidy. The war was still casting its shadow.
The job was a small one by later standards, but even so it had its complications because of the system's very small store capacity. Everything-instructions, data, tables of prices and partial results-had to be fitted into the little that was available. In the light of the relatively large numbers of different items in some of the bakeries this was by no means straightforward. Detailed maps were kept of the contents of the store compartments and these were reused as soon as they became available.
There was no enthusiasm for this project outside the programming ranks. Anything that diverted computer time from work on improving reliability or from testing the auxiliary equipment as it appeared was understandably treated with considerable reserve. The view expressed by Simmons was that if a job could be run without the full facilities defined for office work it was scarcely worth running at all. He needed no proof that the programming team was able to program office jobs even though this had been done nowhere before. Nonetheless it was eventually agreed that the job could go ahead [5] . To make it possible additional slow speed equipment was attached to the system. For this first live job, there were two input channels fed by perforated tape and output was to one perforated tape and one teleprinter.
Running the first live application
The coding of the bakery valuations job was supervised by Hemy and the definitive version of the program was produced by Grover with the participation of Barnes. The whole team took part in the checking and testing of the program. The normal systems research procedures were followed in preparing the job as a whole for running. A method summary was circulated to those concerned, backed by specimens of the forms to be used for reporting the data, and by schedules of the results that would be produced. Times for passing over data of different kinds were agreed and fall-back arrangements were made, to be invoked if the computer failed to perform to time in any week. Special care was taken over documenting the data perforation arrangements even though these were to be carried out within the programming team. No automatic paper tape comparing and correcting facilities were yet available, as it had been assumed up to this time that entry would be by magnetic tape. Consequently, preparing the data was regarded as potentially one of the most fallible parts of the whole exercise [12] .
Operating, too, was in the hands of the programmers. The internal timetable for Friday November 16, 1951 read as shown in Table 1. P2 and P3 were the code names for the main computational phases of the suite. The P1 program dealing with amendments to data such as available items and prices was scheduled to have been run on the day before and this had been accomplished successfully. In addition to the arrangements set out above there was also a contingency plan with an alternative program approach if the character generator, a particularly fault-prone circuit, were to give trouble. In the event, although there were machine faults in both this week and the week after, by November 29/30 the whole timetable had been shifted forward and the results produced by early on the Friday afternoon. The experience of the subsequent week-by-week runs was invaluable. Quite apart from rooting out frailties in the circuitry that the test programs could not reach, the job also revealed how very fallible the data supply could be even after the most careful preparations. In the past these errors and omissions had been masked by the reactions of clerks at all levels. It had been appreciated that perfection could not be expected and that it must be contrived that, even though some elements of garbage came in, the programs would neither come to a halt nor put garbage out. The need for this precaution was borne out by events. It proved to be a long struggle to obtain fully complete and accurate data even from this small field.
Above all, there was the encouragement that this was a real job and not just a demonstration piece, of which there had been many. The clerical labour replaced was 50 hours per week. The computer data preparation occupied 8 hours per week and the computer running time was 4.5 hours. Later on, when the full facilities became available, LEO was able to do the job in a time much closer to the 30 minutes required for the substantive calculations.
Scientific service work
Apart from the bakery valuations job, the wait for the full facilities was made productive by work from an unexpected quarter. As soon as it 'got around' that LEO was working, first the Ordnance Board and then others with scientific calculations approached Lyons with a view to having work done on a service basis [13] . Initially the customers brought their formulae and it was the LEO programmers' job to express them in program terms and then carry out the operations. Again Hemy, with his fertile mind, responded to the challenge, taking the slim 'Ur' volume of Cambridge subroutines as his toolbox. Later some outside users brought their own programs and the LEO programmers guided their 592 D. T. CAMINER implementation. Hemy was joined in this work by Fantl, who quickly became the LEO mathematical programming expert.
Fantl was a self-trained mathematician. Arriving in England as a child refugee from Czechoslovakia, and before he was old enough to join the RAF, he had worked as a farm labourer, educating himself with books borrowed from the public library. He had carried on with correspondence courses while in the forces. He has given an account of aspects of his work in [7] .
Ballistic tables for the Ordnance Board were a natural first for the new service, given the initial inspiration, from ENIAC. This was followed by work on weather forecasting for the Meteorological Office and on guided missile trajectories for De Havilland Propellors and others. Quiet pleasure was taken by LEO programmers in improving the work of the mathematicians by speeding up key sequences. It was in the nature of mathematical work that the same sequences were repeated many, many times, and to eliminate one instruction could easily mean saving an hour on a long tabulation. It therefore became the practice to pass much-iterated sequences from hand to hand to try to save an instruction, and then another, and then another. It became like an ingenious end-game, and in the atmosphere that prevailed one logical problem was much the same as another.
Closer to the office home, calculations were commissioned by the Institute of Actuaries and by insurance companies. All the work was charged for on a formal tariff for each component. Useful revenue was obtained when otherwise there was little but outgoings.
There was a limit, though, to the extent to which this could be expanded. Other equipment aimed specifically at scientific work was becoming available. While LEO was pricing its services on a basis that sought to provide a reasonable return on the resources employed, time could sometimes be found elsewhere charged on a less rigorous basis. However, this work was never seen as more than a bridge until such time as the main revenue was provided by large scale, regular office work. A special attraction of the scientific work was that it was generally not time-dependent; it could therefore make way where necessary in favour of more urgent office applications. Quite apart from the revenue obtained, this service work also made an invaluable contribution to the experience of live running. Some of the runs were very long. Ballistic tables, for example, automatically stepped on through one small parameter change after another in projectile dimension or elevation. Sometimes they ran through the night, for by now the computer was more reliable. Early in 1952 a reliability test, run at the initiative of the programmers, yielded an operational efficiency of 87%, a remarkable figure for the times.
Recruitment
There was a very modest recruitment following the success of the bakery valuations job. In another trawl through Lyons several more candidates emerged. One was Mary Blood, a modern languages graduate who was the daughter of the company's formidable chief medical officer of the time. Another was Frank Land who had been a child refugee from Germany and who had followed his graduation from LSE with a year's research there before joining Lyons' management accounting office. Later he became Professor of Systems Analysis at LSE and also held a chair at the London Business School. Some months later there was another recruit who was to make a major contribution. He was John Gosden, a Cambridge mathematician, who after an apprenticeship working under Fantl on scientific and other service jobs, went on to lead this activity and to lay the foundations of the systems software for successor LEO models. Later, he edited the Auerbach Standard EDP Reports and enjoyed a distinguished IT career in the United States.
MAJOR APPLICATIONS
The Lyons payroll
The first large-scale office job prepared for Lyons was payroll. It had been planned from the outset that the programs for this application should be ready as soon as the equipment was ready to run them. Lyons had many thousands of employees and the weekly payroll for most of them was calculated in the wages office on batteries of calculating and accounting machines. In an O & M sense the requirements were very familiar and there was no problem in producing a comprehensive specification of what was required.
The aim was to fit into a connected set of runs everything that had to be done from the point of receiving details of the hours worked as recorded on clock cards, to that of printing the payslips. Use would be made of the same data to carry out all the other calculations and listings that had customarily required separate jobs. PAYE was specified to be calculated on the fly after the gross pay brought forward had been augmented by the current week's pay.
Previously this had been entered by accounting machine clerks by reference to tables mounted on screens in front of them. Holiday pay and sick pay were also calculated in the same run. The cost of National Insurance stamps was deducted and listings were prepared for the authorities. The same was done for club and society subscriptions. Another deduction was for the repayment of loans and these were automatically terminated when the loan had been repaid. The program checked that the deductions did not carry the net pay for an individual below a prescribed minimum, in which case only the statutory deductions were made. Labour statistics were accumulated and a coin analysis carried out to arrive at the total number for each denomination needed to complete all the pay envelopes for each department.
There were further refinements as time went on, such as an agreement with the workforce that cash payments should be rounded up or down to the nearest half crown and the balance carried forward. This significantly reduced the number of coins handled, thus making another labour saving and speeding up the whole process.
The one component of pay that was calculated externally was the 'premium bonus', the reward for achieving or exceeding productivity targets. These were based on the performance of changing groups of workers and one employee might participate in several groups in the course of a week. Because of the logistic complications arising from the very small store available for working space, this calculation was excluded and the amounts for each employee entered as additional items of data. It was then, and remained, a LEO systems and programming maxim that a project, although as fully embracing as practicable, should never be put at risk by trying to cross a bridge too far.
When all this had been set down on paper in non-technical terms and approved by the Wages Office management, flow charts, as described above, were finalized; first, overall flow charts showing successive computer runs and the linkages between them; then the progression from one stage to another in each run; and finally, small logical charts for each of the 20 or 30 instruction stages into which the runs were to be divided. The charts, too, were non-technical and uncluttered in their presentation. The firm intention was that they should be capable of being understood and commented upon by any intelligent lay person connected with the job.
No more detail was included in the charts than was necessary to convey the logic of the procedures that had to be transformed into instructions. The emphasis was on branchings rather than the calculations that gave rise to them. Care was taken to cover every contingency in the same way that a junior clerk might spot oddities and refer them to a supervisor. The non-feasible was provided for as well as what was to be expected. There was a sharp consciousness that the pay packets had to be completely accurate as well as on time.
While producing the charts there was, right from the draft stage, a step-by-step assessment of the logistics of the job. From early experimentation it was clear that there would need to be some overlaying of store contents, and this was worked out on a store layout chart. Where a sequence looked as though it might be critical, the actions were rapidly jotted down by Hemy, who had a gift for making sound approximations of the space and time required. On the output side, the layout of the payslip was ingeniously arranged so as to minimize the number of lines to be printed and thrown, while still presenting an easy-to-read and uncomplicated account of the company's one regular communication with its employees.
A feature of the programs for this first large-scale business computer application was the extent to which they policed both the operation of the computer and the functioning of the programs themselves. Wherever possible, reconciliation accounts were inserted to check consistency. Most were obvious, such as checking that the aggregates of gross pay less the aggregates of each deduction equalled the aggregates of net pay. Another checked that the loan balances carried forward were equal in total to the loan balances brought forward plus new loans minus loan repayments for the week. The numbers of employees on the payroll were similarly checked to ensure that no one was lost. The computer was, in fact, used to the full for what it was best at-carrying out simple calculations and comparisons. The overhead of these checks was not great, but they served to engender a much heightened sense of security. There was always satisfaction when a column of zeros appeared at the end of a run, signifying that all the reconciliation accounts were in order [14] .
Running the payroll
Through 1953 trials of the programs were carried out using the ancillary input/output equipment as it became available. In May the stripped down tabulators and card feed were received from BTM, and in June the gang punch to be used for output was connected. In July the whole program suite was used for processing the payroll for two small pilot bakeries. An immediate step was to set up a separate operations activity with Barnes in charge [13] .
Hitherto the programmers had generally looked after the running of their own programs. Assigned to work with Barnes were two very cool, firm office supervisors, Peter Wood and Sid Jenkinson. Another member of the operating team was Marjorie Coles. She had been leader of a large accounting machine section in the accounts office and was carefully chosen to build what was foreseen as a vital component of the whole operation-data preparation. The time had passed for secretaries and whoever else could be pressed into service to carry out what was to become a key, routine job. The comparator data preparation device that had been designed and constructed now enabled the checking and correction of the paper tape 'current data' to be carried out altogether more rapidly and securely than had been possible on the jury rig that had fuelled the earlier applications. Operator speeds were built up to match. The LEO Data Preparation section may have been the first anywhere to undertake the task as a discrete function.
After the pilot runs there followed parallel runs of the whole Cadby Hall Bakeries department with the conventional method still being used for payment purposes. Since this was LEO's first major job affecting people outside the offices, any erring was on the side of caution. Simmons as Chief Comptroller of J. Lyons & Co. had never envisaged the payroll being entrusted to the computer before there was a second installation on standby. However, events had overtaken the original plans and computer and programs were waiting to go before a second system had even been started [5] .
The decision to take the plunge was made towards the end of the year and on February 12, 1954 the LEO payslips were actually used for the make-up of the pay packets which went into the hands of the bakery staff on the other side of the Cadby Hall estate. The number involved was 1670 men and women. There was an emergency system in case of machine failure, but, in fact, neither LEO nor its successors ever failed in their obligation for producing the payroll on time. By the summer the numbers had reached almost 10,000, the cut-off point until a standby arrived (LEO Chronicle 1954).
Payroll on this scale was another world first for LEO. Because of the care that had been employed in constructing the programs, the overall running time was 1.5 seconds per employee as against the 8 minutes human time that it had previously taken on one of the most efficient pre-computer systems anywhere. The speed was twice as fast as had been estimated several years before, when a case was still being made out for building a computer.
Teashops distribution
From the time that a computer was first mooted there had been thinking about how it could be applied to the work of the teashops. These constituted the Lyons activity with the lowest 'spending-power' per customer, and profitability depended on the utmost economy in the supporting services. The main target now was the replenishment phase. Almost everything was ordered daily by the teashop manageresses using a thick pad of preprinted order forms. Some products, like bread rolls, were delivered more than once each day in order to maintain the reputation for freshness and crispness.
In evaluating the contribution that the computer might make, the major obstacle that presented itself was the sheer mass of data represented by 180 teashops each ordering 250 lines. Quite apart from the cost of the data preparation labour involved in the system as it stood, the need to wait for it to be completed ran counter to the unchangeable urgency of the job. It was apparent that an altogether different approach was required.
That approach was discovered after a great deal of burrowing through heaps on heaps of order forms to unearth an ordering pattern. What surfaced was that while orders from each teashop varied from day to day, there seemed in most cases very little difference between the orders on any one day and the same day in other weeks. The idea therefore emerged of having each manageress place a standard order for each day of the week and then to notify changes if these seemed necessary.
There was a long, long, time before on-line working became practical, but the existence of punched cards as one of the input media gave practicality to the idea. What was arranged was that each manageress would be telephoned at a set time each afternoon for her last-minute changes. These were punched directly into the cards by the telephonist who wore a head-set to free her hands. The cards would then be sorted into teashop sequence and run in parallel with the standard order file to give the computer the information necessary to process the modified orders for the day. There had, of course, to be arrangements for the manageresses to make permanent alterations to their orders when the seasons or the pattern of trade changed. There had to be provision, too, for senior management to override orders generally: by changing some hot dishes for salads if a heat wave were forecast, for example, or making substitutions if there were a kitchen problem.
This in its time was a revolutionary scheme and it is remarkable that it was accepted by what was by nature a very traditional, conservative part of the Lyons organization. The directors in charge of the teashops had to decide whether to place the whole supply side of their business and not just the accounting in the hands of a computer organization that could scarcely be described as mature. However, such was the trust in Simmons' judgement that there was little hesitation in allowing the scheme to go ahead.
Teashops distribution has always been regarded as an archetypal LEO job, combining as it did, creative O & M work with what again needed to be intricate coding in the logistic sense. After the job had only been running a few days, the daily report from the Wembley teashop contained the entry ( [14] , p. 44):
The head staff at this shop would like to give thanks for LEO. This is a wonderful time-saver, work-saver, and we are grateful for it.
Selective information for more senior management indicating by exception which teashops were excelling or underperforming on particular lines, was less well received. The lesson was learned that management, however enlightened, is not easily weaned from comprehensive printouts from which they can make their own discoveries.
Return visit
With the payroll and teashops distribution under way a return visit was paid to the United States to check on progress and to gather new ideas. At home there was little to be seen. Such machines as were on offer were almost all basically scientific systems without provision for the special needs of office work. Those that could be identified as directed toward data processing or as 'general purpose' were still months away from installation in the UK. Such electronic devices as were in use were no more than adjuncts to punched card systems.
The visiting party found a strikingly different atmosphere in the United States. At IBM there were more than a hundred orders for the, by British standards, prohibitively expensive 700 series. Most of these were for the mathematical 704 but the commercial 705 was also clearly in demand. On the other hand, apart from the technical quality of the equipment and the degree of market acceptance among large organizations the visitors were less impressed. On the systems side they noted the continued adherence to punched card methodology. Series of jobs were being employed to complete jobs that, with the facilities available, should have been accomplished more straightforwardly. The comments on the Pentagon were particularly caustic ( [14] , p. 50):
'There is one Univac in the Pentagon, not really in use and there are more computers on order. There seems to be ample evidence that they have no real idea of organizing a job for the computer.'
They also recorded the opinion of an IBM vice-president who declared during their visit to Poughkeepsie that payroll could not be done economically on electronic computers. Their own works payroll did not cover costs, he told them.
Ford Motor Company
At home, a payroll suite commissioned by the Ford Motor company had completed its check-out on LEO and pilot runs had started. Instrumental in the project was a Mr Bradley, an old colleague of Simmons in the Office Management Association, who was in charge of office administration at the Ford works and headquarters at Dagenham, Essex. It is recalled how surprised he was by the two thick blue bound volumes that were handed to him as the draft specification of the payroll requirements for the hourly paid work force. He declared that it had certainly not been as complicated when he had been closely involved. It was an early indication of the common underestimation of the detail that goes into the fabric of most large-scale office jobs.
Responsible for the implementation of the payroll was Fantl, with a very small team. The speed with which the project was brought to fruition was exemplary [7] . Though LEO had been tamed by now it was far from user-friendly in the facilities that it offered, and it still exhibited a youthful temperament from time to time. The order was given in August 1955, parallel running started in November and the first live run took place at the beginning of December 1955, when payslips produced by LEO were used to pay the first batch of 700 employees [13] .
A significant contribution to the smoothness of the operation was the very small amount of computer time used to check out the programs. Great care was taken to ensure that the programs were accurate when they were presented to the computer for the first time. When, as was unavoidable, errors still occurred in the trial runs, the corrections, however small, were checked by another programmer before the program was returned to the computer. It was not enough to find an error; what was corrected had fully to explain what had gone wrong. It was not a matter of hierarchy; junior checked senior as much as the other way round. As a result, the whole trial process was completed in only part of the time that has since become habitual notwithstanding the introduction of more sophisticated tools than the two spyholes into the binary interior provided on the LEO console.
The numbers paid rapidly expanded and the Dagenham payroll soon became the largest full-scale office job to be run on a service basis anywhere in the world.
Other major Lyons jobs
Hard on the heels of the Ford payroll came an invoicing system to handle all the paperwork for Lyons' largest sales and distribution department, responsible for cake and pie supplies to shopkeepers all over the country. A special feature was that only one piece of paper served as order, packing note, delivery note and invoice. No paper copy was retained either in the despatch or in the offices. Instead a film copy was retained which could be referred to if any query arose. The orders were taken by a salesman, who also collected the cash on a one week's credit basis, so that the accounting requirements were simple.
The basic system had originally been introduced as far back as 1935 to cope with a considerable increase in the wholesale bakery business. In his book, LEO and the Managers, Simmons explains that the conventional system was breaking down 'simply because of the volume of paper' ( [15] , p. 21). From then on the objective became the paperless office. With the introduction of the computer, less paper meant less printing and less time taken, but even without those key considerations the aim would always have been to be as frugal as possible with the printed output from the system.
The system was 'quick and economical because there was so little to it' was Simmons' summing up ( [15] , p. 21). The new challenge in seeking to transfer this area of activity was therefore the more severe. The job had already been pared down to the bone, but in the event LEO was still able to pay its way by heavily reducing the key-punching and by absorbing many sub-jobs surrounding it. As by-products of the invoice calculations, LEO automatically produced instructions as to which of a range of cartons was to be used for each order, calculated the trolley loadings in the despatch and the standard time allowance for packers and loaders. It also provided each salesman with a cash collection list, incorporating amounts not yet paid for previous weeks' deliveries, checked the cash banked and provided a variety of statistics to serve management at all levels.
In the background the programs effected feasibility checks and made the now standard provision for rapid restarts. In all respects-method of delivery, efficiency of loading and dispatch, salesman interface and paper economy-it remained a model system in which LEO played a thoroughly integrated part. In the execution of the coding Grover again took the lead.
Another early application at Lyons was stock control. One such job was implemented for the Reserve Stores, a group of dispersed warehouses established during the war to ensure continuity of supplies notwithstanding air raids and other dislocations. Another concerned the company's very valuable tea stocks and commitments. With these applications Frank Land became the LEO stock control expert.
Deeply implanted in the business that it served, the tea blending job maintained control on thousands of chests of tea, classified for different flavours, colours, strengths, aromas and other characteristics. The application reached right back to purchases at auctions and to supplies contracted for direct with the growers in different parts of the world. It followed them as they were mixed in prescribed proportions to produce the company's many distinctive blends. There were also the usual valuations to check that the permitted cost for each blend had been adhered to and to arrive at the overall value of stock for insurance purposes. Additionally, the computer application provided senior management with information about the stocks that had never been readily accessible before. 
The LEO loading
By the end of 1956, five years after the first groundbreaking runs of the bakery valuations job, LEO was processing a representative load of office applicationspayroll, distribution, sales invoicing, accounting and stock control-and, at the same time, expediting the physical operations of Lyons and providing timely information for management tactical action. The groundwork for all this had been accomplished in a period when, to quote a leading computer historian, 'Apart from the LEO, all the other computers that were being developed in Britain were being constructed in computing laboratories as mathematical instruments' ( [16] , p. 165).
With no standby machine ready to share the load, the Lyons payroll had stayed arrested at 10,000, but, paradoxically, the Ford payroll, carried out on a service basis with couriers bringing data and taking back results at precise times from and to the works on the far side of Greater London, had also reached 10,000.
Still more was being packed in. Much work was done on crystallography and for engineering companies engaged on missile design and on flutter problems for aircraft. The 1955 PAYE income tax tables were calculated and tabulated for Inland Revenue on Budget night with the listings printed to photocopying standards. Towards the end of this period LEO was working round the clock, seven days a week, to provide sufficient capacity, in addition to all the other tasks, for the monumental tabulation of the distances from every railway station in the UK to every other station, so as to enable new statutory regulations for the charging of goods traffic to be given effect on the due date [17] .
All this called for remarkable readiness to meet whatever were the needs of the situation by the small groups of programmers, operators and maintenance and design engineers. Trial time for the most part was when there was a gap with nothing more urgent to fill it. This was far more likely to be at night or at the weekend than during normal working hours. Nonetheless application followed application accurately, reliably and to time. There were changes of personnel; Hemy and Grover had left to take leading parts in the new computer venture at EMI but they had been replaced seamlessly by a group of talented newcomers. None of these, indeed no recruit to any section of the LEO staff for some time, came with any prior systems or computer knowledge. Amongst all the other demands, training, including a ration of the minimal computer time, was regarded as a priority.
The arrival of LEO II
The successor to LEO came on stream in 1957. Little time had been allowed to elapse between the successful start to the Lyons payroll in 1954 and the formal decision to proceed with a LEO II. With the payroll running live and other time-critical applications not far behind, the need was already seen as urgent. In what had become the customary way, board approval to go ahead was given within a week of the submission of Pinkerton's outline design (Figure 4) . Further, it was agreed that additional machines should be made available for sale or hire.
LEO had been intentionally closely modelled on EDSAC. Now there was an opportunity for independent engineering, though time was again pressing. Some improvements had emerged from the work being done and planned for outside organizations. Payrolls such as that for Ford had been accommodated within the same hardware and minimal software facilities that had sufficed for the Lyons applications so far, but enhancements were imperative for applications such as production control and for outside users who wanted systems of their own. In the event there were changes to store conformation and access speed, to registers, to word length and store capacity and to the instruction facilities and code. Although the prime reason for the system had been to provide cover for the heavily loaded first system the changes were far reaching. But there was the constraint that the resources available had increased little since the building of the original LEO, and as a consequence it took longer to bring the new system on stream than had originally been planned.
By this time the LEO staff had become part of the subsidiary company, LEO Computers Ltd, that had followed the decision to market the LEO II system. Increasingly the attention of the senior systems and programming staff moved towards preparing for LEO II, with particular emphasis being laid on working with customers to prepare applications so that equipment could go into productive use as soon as it was delivered. A process was started by which the parent company's O & M department took over responsibility for the Lyons applications. This was facilitated by the disciplined documentation that had been maintained.
LEO I itself continued working for several more years for all that LEO II was several times faster. The pioneering system was ceremonially closed down in January 1965 'after a full day's work' ([10], p. 179) . Little physically remains of it now. There was no sense at the time of a monument to be preserved and even the individual units were too large to serve as acceptable mementoes.
LEO Computers Ltd as a whole came to an end in 1963 when Lyons merged its computer business with that of English Electric. By then LEO II had in turn been succeeded by the time-sharing, microprogrammed LEO III, which was said to have anticipated the IBM 360 by three years. The final batch of these left the works in 1969. They were powerful LEO 326 systems that went to Post Office centres in London, Glasgow and the provinces. The last of them was not decommissioned until 1981.
